Introduction
Castleman disease is a rare atypical lymphoproliferative disorder 1 classified according to the histopathologic findings of the affected lymph nodes as hyaline-vascular, plasma-cell type, or a mixedtype variant of the two. 2, 3 Patients with the plasma-cell or the mixed-type variant frequently have systemic manifestations, such as low-grade fever, fatigue, loss of appetite, and weight loss. Abnormal laboratory findings include anemia, hypoalbuminemia, hypocholesterolemia, hypergammaglobulinemia, and increased acute-phase proteins. As the disease progresses, patients often undergo severe wasting. [2] [3] [4] Although multicentric Castleman disease (MCD) is nonneoplasmic, without treatment the prognosis is poor. Infections, renal failure, and malignancies, including malignant lymphoma and Kaposi sarcoma, are common causes of death in patients with MCD. 5 Kaposi sarcoma-associated herpesvirus (also called human herpesvirus type 8 [KSHV/HHV-8]) is reported to be an etiologic agent of Castleman disease, especially in patients infected with HIV. [6] [7] [8] Although clinical abnormalities may resolve after excision of the affected lymph nodes in patients with localized Castleman disease, 3, 4, 9, 10 MCD is often refractory to treatment with corticosteroids or chemotherapy. 5 Treatment with interferon-␣ or with the anti-CD20 monoclonal antibody rituximab (Rituxan; Hoffman-La Roche, Basel, Switzerland) has resulted in durable clinical remission of the disease; however, these findings are based on a small number of patients. 11, 12 Interleukin-6 (IL-6) is a pleiotropic cytokine with a wide range of biologic activities, including support of hematopoiesis and regulation of immune responses. 13 Dysregulated overproduction of IL-6 from germinal center B cells is implicated in the pathogenesis of plasma-cell-type Castleman disease. 9 Previous studies demonstrated that anti-IL-6 and anti-IL-6 receptor antibodies dramatically alleviated the symptoms and biochemical abnormalities (though the disease usually relapsed on cessation of therapy). 10, 14 Thus, the blockade of IL-6 signaling is considered an attractive approach to treat MCD. The purpose of this open-label, prospective study was to evaluate the long-term efficacy and safety of the humanized anti-human IL-6 receptor monoclonal antibody (MRA, formerly called rhPM-1) in patients with MCD. The study is to continue until 2007. Results are reported from the first 60 weeks of treatment.
Patients, materials, and methods

Patients
The study began in June 2001, and patients were enrolled from July 19, 2001 , until October 11, 2001 . Patients were eligible if they were at least 20 years of age and had clinically and pathologically confirmed diagnoses of MCD of the plasma-cell or mixed-type variant. An independent pathologist examined the histologic features of the lymph nodes collected from the patients and confirmed the histologic diagnosis. None of the patients had autoimmune diseases such as rheumatoid arthritis or Sjögren syndrome. Patients had to have C-reactive protein (CRP) values of at least 20 mg/L and white blood cell counts of at least 3.5 ϫ 10 9 /L at screening (2 weeks before study dosing). Patients using antitumor agents, immunosuppressants, and corticosteroids were eligible if the dose had been stable for 4 weeks before study dosing. Patients were excluded if any radiation therapy or surgical procedure had been performed within 4 weeks of entry. Patients who had any history of serious allergy or concurrent ischemic heart diseases or who were pregnant or lactating were excluded from the study.
This study complied with all provisions of the Declaration of Helsinki and its current amendments and was conducted in accordance with Good Clinical Practice guidelines. All patients gave written informed consent before participating in this study.
Study drug
MRA is a humanized anti-human IL-6 receptor monoclonal antibody of immunoglobulin G1 (IgG1) subtype (Chugai Pharmaceutical Roche Group, Tokyo, Japan). The antibody was humanized by complementaritydetermining region (CDR) grafting, whereby the CDR from a mouse anti-human IL-6 receptor monoclonal antibody is grafted to a human-IgG framework and transfected into Chinese hamster ovary cells for production. 15 The resultant humanized antibody is specific for the human IL-6 receptor but contains minimal mouse protein, reducing the likelihood of the host developing anti-MRA antibodies. MRA inhibits IL-6 function by competing for the membrane-bound and the soluble forms of the human IL-6 receptor. 16 
Study protocol
This study was designed as an open-label trial. The protocol was approved by the Ministry of Health, Labor and Welfare of Japan and by the local institutional review board at each of the 13 participating centers.
Based on previous dose-finding studies, 17 patients were treated with 8 mg/kg MRA every 2 weeks for 16 weeks. Patients then entered an open-label extension of the study during which, at the discretion of the investigator, the dose and schedule could be individualized according to inflammatory symptoms and laboratory parameters. The maximum MRA dose was 8 mg/kg, and the minimum treatment interval was 1 week.
Total dose of the reconstituted products was diluted to 250 mL saline, which was infused intravenously over 1 hour. Patients were observed for 1 hour after infusion. To avoid infusion-related reactions, no particular pretreatment was applied. Patients who developed anti-MRA antibodies were to be withdrawn from the study.
At screening, lymph node biopsy samples were sent to an independent pathologist for diagnosis confirmation. Clinical and laboratory assessments were conducted at screening and on dosing days. Antibodies against HHV-8 and HIV were measured by enzyme-linked immunosorbent assay (ELISA; SRL, Tokyo, Japan) at screening. Antibodies (IgG and IgE types) against MRA and serum concentrations of free MRA were measured using ELISA (SRL) on every dosing day.
Measurement of response
The primary efficacy end point was improvement in disease activity assessed by biochemical markers such as CRP, hemoglobin (Hb), and serum albumin (Alb), and general fatigue was measured using a visual analog scale (VAS). Changes in size of swollen lymph nodes, number of red blood cells (RBCs), hematocrit, body weight, serum amyloid A protein, and immunoglobulins (IgG, IgA, IgM) were also measured as subsidiary efficacy parameters.
Short-axis lengths of swollen lymph nodes were measured by computed tomography. At baseline for each patient, each affected lymph node whose short-axis length was greater than or equal to 10.0 mm was chosen. These lymph node sizes were monitored at 4 months and 1 year after the start of treatment. Two radiologists independently assessed the results.
Safety was assessed on the basis of recorded adverse events, laboratory measures, and electrocardiography findings. An adverse event was defined as any adverse change from the patient's baseline condition, regardless of whether it was considered related to treatment. Frequencies of infusionrelated reactions, which were defined as any adverse experience occurring during or after infusion on the treatment day, were also evaluated. The severity of an adverse event was graded as mild (the event does not interfere with the patient's usual activity), moderate (the event interferes with the patient's usual activity), or severe (the event prevents the patient from undertaking usual activity and necessitates therapeutic cessation of the study drug).
Statistical analysis
The overall effect of treatment was evaluated based on changes from baseline in the efficacy parameters with paired t tests. The significance level was set at P less than or equal to .05 (2-sided). No adjustment was made for multiple comparisons.
Safety was evaluated according to the frequency of adverse events and by laboratory abnormalities. The frequency of adverse events was calculated by system organ class, and the preferred term was coded by the Medical Dictionary for Regulatory Activities (MedDRA). Any laboratory abnormality was graded by National Cancer Institute (NCI) common terminology criteria for adverse events version 3.0.
Results
Patient disposition, baseline characteristics, and previous or concomitant medication
Baseline demographics and clinical characteristics of the patients are listed in Table 1 . In total, 28 patients (17 men, 11 women) were enrolled in the study. All patients were diagnosed with the plasma-cell type and had systemic manifestations of the disease. The average serum IL-6 concentration was 34.8 pg/mL (SD ϭ 34.5; n ϭ 28) at baseline (The normal upper limit of serum IL-6 is 4 pg/mL). The average serum soluble IL-6 receptor concentration was 28.5 ng/mL (SD ϭ 11.6; n ϭ 28) at baseline. Patients had symptoms and abnormal laboratory findings compatible with Castleman disease at screening and at predose measurements. Median patient age was 38 years, and median disease duration was 4 years. Two patients were seropositive for KSHV/HHV-8; none was seropositive for HIV. Fifteen patients received corticosteroids concomitantly, and no patient received immunosuppressants during the study period. The average corticosteroid dose was 15.5 mg/body per day (SD ϭ 3.5 mg/body; n ϭ 15) of prednisolone equivalent. Four patients (Table 1 ; patients 3, 15, 23, 24) received chemotherapy with such agents as cyclophosphamide and melphalan plus prednisolone before this study. In 3 of the 4 patients (Table 1 ; patients 3, 15, 23), chemotherapy was discontinued more than 4 months before the MRA treatment started. In the other patient (Table 1 ; patient 24), chemotherapy was stopped 6 weeks before enrollment in this study. Figure 1 shows the size changes in the swollen lymph nodes with MRA treatment. MRA remarkably improved lymphadenopathy. At baseline, 23 patients had affected lymph nodes that were 10.0 mm or larger on average. Mean short-axis length of these specified swollen lymph nodes was 13.5 mm (SD ϭ 2.9). After 16 weeks of treatment with MRA, the mean short-axis length had decreased from baseline to 9.1 mm (SD ϭ 2.2), and after 1 year of treatment it decreased to 8.6 mm (SD ϭ 2.7). These results demonstrated a 30% reduction in the mean short axis of the specified lymph nodes (P Ͻ .001; paired t test vs baseline) after 1 year of treatment. Lymph nodes had decreased to less than 10 mm after 16 weeks of MRA treatment in 10 (43.4%) of 23 patients and in 12 (52.2%) of 23 patients after 1 year of treatment.
Efficacy
Mean changes in laboratory markers with MRA treatment are shown in Figure 2 and Table 2 . Abnormally high values of inflammatory parameters, such as CRP, fibrinogen, serum amyloid A protein (SAA), and erythrocyte sedimentation rate (ESR), as is usually noted in patients with MCD, were observed in all patients at baseline. At week 6, treatment with MRA resulted in significant improvement in these parameters compared with baseline (P Ͻ .001; paired t test). CRP and fibrinogen were completely normalized in 18 (64.3%) patients and in 20 (71.4%) patients, respectively, at the week 16 evaluation.
Most patients exhibited severe anemia at baseline, and the mean Hb level was 92 g/L (SD ϭ 23). MRA significantly improved anemia in these patients, and the Hb level was increased to 120 g/L (SD ϭ 21) at week 16 (P Ͻ .001; paired t test vs baseline). No patient required transfusion during MRA administration.
MRA also improved Alb values and IgG values (P Ͻ .001; paired t test; week 16 vs baseline). Fatigue measured by VAS also showed significant improvement at week 16 (P ϭ .008; paired t test vs baseline). Size changes of specified lymph nodes (LN) whose short axes were larger than 10 mm at baseline were examined using computed tomography.
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Nutritional status demonstrated by total cholesterol, high-density lipoprotein (HDL)-cholesterol, triglycerides, Alb, body weight, and body mass index (BMI) improved significantly in all patients during treatment with MRA. In particular, as shown in Table 3 , 5 (17.8%) patients had BMIs below 18.5 and were considered underweight at baseline. These patients also had severe hypoalbuminemia and hypocholesterolemia. MRA improved this severe nutritional status. Weight gain and improvement in nutritional status markers were observed with MRA treatment in all these patients, with 4 of 5 patients achieving BMIs up to 18.5.
At baseline, 17 (60.7%) patients were positive for antinuclear antibodies; 9 (52.9%) of these patients became negative for antinuclear antibodies at week 60. Antibodies to double-stranded DNA were also normalized with 60-week treatment in 19 (86.4%) of 22 patients whose antibodies to double-stranded DNA were high at baseline. Neither systemic lupus erythematosus nor another autoimmune disease developed in any patient. Furthermore, 6 (37.5%) of 16 patients who had positive findings on direct Coombs test at baseline had negative findings after 60 weeks of MRA treatment.
MRA also improved hepatosplenomegaly and skin disorders associated with Castleman disease. At baseline, 11 patients had hepatosplenomegaly; 4 (36.4%) of these patients experienced improvement after 16 weeks of treatment. Eight of 12 patients with skin disorders experienced improvement after 16 weeks of treatment.
During the extension phase, 15 (53.6%) patients continuously received 8 mg/kg MRA every 2 weeks; 7 (25%) patients received treatment once every 4 weeks, and 1 patient received treatment once every 3 weeks. Five (17.9%) patients received 8 mg/kg MRA at intervals of less than 2 weeks (the average interval of these 5 patients was 10 days to enhance the therapeutic efficacy).
At baseline, 15 (53.6%) patients received oral corticosteroid treatment (average daily dose, 15.5 mg/body per day [SD ϭ 3.5] prednisolone). During treatment with MRA, 11 (73.3%) of these 15 patients were able to decrease the dose or discontinue corticosteroid therapy without exacerbation (Figure 3) . Two KSHV/HHV-8-seropositive patients were also successfully treated with MRA.
Safety
MRA was generally well tolerated in patients with MCD. Median duration of MRA treatment was 65 weeks (range, 55-76 weeks). Of 28 patients enrolled in the study, 27 (96.4%) patients have continued to receive MRA treatment for more than 3 years (as of December 2004).
One patient (patient 6; Table 1 ) was withdrawn from the study at 40 weeks because of aggravation of a concurrent disease. This patient was a 66-year-old man with chronic myelomonocytic leukemia (CMMoL). After his withdrawal from the study, he received MRA treatment continuously as compassionate use of the drug. In total, he received MRA treatment at the same regimen for 55 weeks without any aggravation of Castleman disease. Acute leukemia developed, however, and he died at 57 weeks. Given that this patient had had CMMoL for approximately 4 years before entry in the study, it was considered that the development of acute leukemia most likely occurred in the natural course of CMMoL. No other patient experienced malignancies or aggravation of a secondary disease, such as amyloidosis, for the first 60 weeks. only.
For Table 4 shows the frequently observed adverse events possibly related to the study drug (ie, adverse reactions). Adverse reactions were reported in 27 of 28 patients. All adverse reactions were transient and resolved spontaneously or were treated with medication. No severe adverse reactions were reported. There was no evidence of an increase in the frequency of adverse reactions with long-term treatment. The most frequent adverse reaction was the common cold (16 of 28 patients; 57.1%) and symptoms related to the common cold, such as cough, rhinorrhea, and pharyngitis. The symptom of malaise was transient and improved during MRA treatment.
Twenty-one infusion-related reactions were reported in 14 patients. All infusion-related reactions were transient and mild. The most frequent infusion-related reaction was low-grade fever (maximum body temperature, 37.4°C). Neither anti-MRA antibodies nor tuberculosis developed during the course of the study.
A serious adverse event, cellulitis, occurred in 2 patients, and a causal relationship with MRA could not be ruled out. Both patients required prolongation of hospital admission; the cellulitis resolved with antibiotic treatment. Both patients continued the study after resolution of the event.
Most laboratory abnormalities were mild. A transient, mild decrease in leukocyte counts to the low normal range was observed a few days after MRA administration (grade 1 in 9 [32.1%] patients and grade 2 in 3 [10.7%] patients), but they returned to normal without any treatment.
Transient liver function disorders were observed in 9 (32.1%) patients. An increase in alanine aminotransferase to grades 2 and 3 was observed in each of 2 patients; the other 5 patients had grade 1. An increase in aspartate aminotransferase to grade 2 was observed in 2 patients; 7 others showed grade 1. No continuous aggravation was observed by repeated treatment with MRA. No patients acquired systemic lupus erythematosus or any other autoimmune disease.
Discussion
Castleman disease, especially MCD, is rare. Previous studies have reported that blockade of the IL-6 signal was effective in treating Castleman disease. 10, 14 However, these findings were based on a small number of patients. Here we report findings from the first prospective study to recruit a substantial number of patients (almost one fifth of the total number of MCD patients reported in the past 10 years in Japan) to examine the efficacy and safety of MRA, a potential therapeutic agent for this disease. All patients enrolled in this study had the characteristic features of affected nodes, constitutional symptoms, and laboratory abnormalities associated with MCD.
MRA is a humanized anti-human IL-6 receptor monoclonal antibody that blocks the activity of IL-6, alleviating symptoms and biochemical abnormalities in patients with Castleman disease. Because MRA treatment improved lymphadenopathy, IL-6 produced by the lymph nodes might have affected the hyperplasia of lymph nodes in an autocrine manner in patients with MCD. Most of the MCD patients in this study had very low levels of serum albumin, total cholesterol, and HDL-cholesterol at baseline, which were markedly improved through MRA treatment. Gains in body weight and BMI, together with improved nutritional status, were observed in patients with severe wasting at baseline. These findings further support the hypothesis that overproduction of IL-6 may be responsible for the poor nutritional status observed in MCD patients, and they may also suggest a role for this cytokine in cachexia and chronic inflammatory diseases. 18 MRA may also prevent the development of secondary amyloidosis associated with MCD 19 because treatment markedly decreased the levels of SAA, a causative factor of this disorder.
Another clinical benefit of MRA treatment arises from the corticosteroid-sparing effect of this antibody. Corticosteroids are commonly used to treat MCD but are associated with dose-related toxicity, which limits their use for long-term treatment. Patients receiving MRA were able to receive significantly reduced doses of Twenty-eight patients were enrolled in this study. The severity of an adverse reaction was graded as mild (the event did not interfere with the patient's usual activity), moderate (the event interfered with the patient's usual activity), or severe (the event prevented the patient from undertaking some usual activity and necessitated therapeutic cessation of the study drug).
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Regarding antibody-based treatments of chronic disease, there was no evidence of anti-MRA antibody development or attenuation of MRA efficacy during 1 year of treatment. These favorable features are likely to be attributable to the humanization of the monoclonal antibody, which reduces the content of foreign protein and thus the potential for the development of neutralizing antibodies.
Two patients were seropositive for KSHV/HHV-8, a known etiologic factor in MCD; this incidence (2 of 28 patients) was much lower than that reported in Western countries, 6 but we do not know why.
KSHV/HHV-8 encodes a human IL-6 homolog, called viral IL-6 (vIL-6). vIL-6 shares functional properties with human IL-6. vIL-6, without formation of the vIL-6-IL-6 receptor complex, can bind to glycoprotein (gp) 130, an actual signal transducer of the IL-6 receptor system, and it activates the gp130-related signal transduction system. Thus, MRA cannot inhibit vIL-6-related gp130 activation. However, treatment with MRA improved the symptoms and laboratory parameters of patients positive for KSHV/HHV-8. Therefore, although vIL-6 may be expressed in these patients, human IL-6 is still thought to be responsible for the systemic manifestations of KSHV/HHV-8-seropositive MCD.
MRA treatment was well tolerated over the long term. A mild and transient decrease in leukocyte counts was sometimes observed after MRA administration. However, a similar phenomenon was reported in clinical studies with other biologic agents such as anti-CD20 20 antibody and anti-tumor necrosis factor-TNF-alpha antibody. 21 Therefore, this phenomenon is not specific to MRA treatment.
In conclusion, MRA improves the symptoms and biochemical abnormalities associated with MCD. The efficacy observed was sustained or improved over the course of 1 year. The safety profile is acceptable relative to the clinical benefit provided. A follow-up study is ongoing to determine the long-term prognosis of patients treated with MRA.
